In is paper we present the set of dynamical equations of the Raman laser. The semi-classical theory in three-dimensional approach is of interest. The operating regime of the Stokes laser is investigated in some cases of the pumping rate.
I. INTRODUCTION
The Raman laser is a recently developed laser technique for generating tunable high-quality laser beam in the nearinfrared region. It is based on stimulated antiStokes scattering and Stokes scattering as illustrated in Fig. 1 . Level a is the ground state, level b is the molecular vibrational or rotational state, and levels J are the excited electronic states far-off-resonant. The transition between levels a and b is electric dipole forbidden. Raman scattering occurs when an incident photon (called the pump) interacts with the molecule and generates a red-shift photon (called the Stokes) and a blue-shift photon (called the antistokes). Theory and experiment of Raman scattering and Raman laser (Fig. 2) are investigated in many works [2, 3, 8] . Up to now, the results of Raman laser theory have been limited in one-dimensional approach only. In the work [1] , Raymer et al have discussed the stimulated Raman scattering in the three-dimensional approach. In this paper, we develop a semi-classical theory for the far-off-resonance Raman laser in three-dimensional approach. The time-dependent solution to the continuouswave Stokes laser and pulse Stokes laser is numerically solved using the intraccavity field equations.
II. FIELD AMPLITUDE EQUATION OF THE STOKES LASER
We assume that the optical field inside the cavity will be in the single spatial mode and can be written as: 
where q V is the mode volume occupied by the q-th spatial mode.
Using the Maxwell's wave equation with slowly-varying envelope approximation, the density matrix equation with adiabatic elimination (for all time the upper levels J are in steady state), we have the intracavity field equations [7] ( )
where
present the intracavity energy decay rate primarily due to the loss of the mirrors (transmitance T, reflectance R), relating to the external pump field, intracavity pump field and Stokes field, respectively [3] . The gain term is defined as follows
with ( ) 
which is the plane-wave gain coefficient. Its value at zero ( ) ( ) 
where eq D is the population difference in thermal equilibrium equal -1, i.e. all the population in the ground state. In the three-dimensional approach, the Fresnel number / s A L λ Φ = describes the diffraction in a pencil-shape medium of cross-section A and length l [4] .
III. A SET OF RATE EQUATIONS FOR INTRACAVITY POWERS
It is necessary to write the intensity field equation in terms of measurable powers, so that one should compare the experimental data with theory. In a stable two-mirror laser cavity of L and in the TEM 00 spatial mode, 
A standing wave consists of two counter-propagating equal-amplitude traveling waves and the peak-amplitude ratio between the standing and traveling waves is 2:1 [11] . Therefore, the optical power of the traveling-waves is equal to ( ) 
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From the steady-state solution, one can find the threshold pump power given by Consider a pump pulse, which is a Gaussian function of time as follows:
Substituting into (14) , one has a set of equations, describing the unstationary operation of the Stokes laser.
INFLUENCE OF PUMP RATE
For the time-dependent solution to the pulsed Stokes laser, we choose to numerically solve the intracavity Eqs. (14) . For example, we numerically solve Eqs. (14) The time-dependent results for CW regime are given in Fig. 3 for the extracavity pump power and Fig. 4 for the intracavity Stokes one. It can be seen that at low pumping rate less than two times the threshold, the laser turns on smoothly and slowly, whereas at more than four times the threshold, there is a large overshoot. Moreover, the pump field and Stokes field pulse before reaching its stable magnitude, and the pulsing time decreases when the pump power increases. An interesting point is that the stable magnitude of intracavity pump power is constant, meanwhile the stable magnitude of Stokes power increases when the extracavity pump power increases. For the unstationary operation, the pump pulse is chosen of max P to be 1-3 P ep,th and τ = 10 ns, for example.
The intracavity power of the pump pulse and Stokes pulse are calculated numerically using Eq. (14) and (16), and presented in Fig. 5 . From this figure one can see that the intracavity pump pulse and the intracavity Stokes pulse are delayed about 5 ns and 30 ns from pump pulse, respectively. The intracavity Stokes power is increasing strongly, when the peak of pump power increases. Moreover, the transfer power efficiency from pump field to Stokes field increases with increasing of max . P
V. CONCLUSION
The semi-classical theory of the Stokes laser in the three-dimention approach is derived. The intracavity power equation are introduced. The time-dependence of intracavity powers of the CW and pulse laser is numerically calculated. The calculated results for three cases of the extracavity power show that the intracavity power of Stokes field pulse before reaching a stable magnitude, which increases with the increasing of the intracavity power for CW regime, and Stokes pulse delays with a time interval from pump pulse and its peak power increases with increasing of extracavity pump one. Our results are important for investigation of the properties of the Stokes and its designing in future. 
